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(57) ABSTRACT 

A memory device is adapted for prefetching data. The 
memory device has a memory cell array, With local sense 
ampli?ers for receiving data bits prefetched from the 
memory cell array. The memory device also includes a 
serialiZer, and data paths that connect the local sense ampli 
?ers to the serialiZer. Crossover connections are interposed 
betWeen stages of the data paths. These transfer data bits 
betWeen the data paths. Preferably they do that as part of 
being gates betWeen the stages, Which are in turn controlled 
by a clock. This Way ordering is distributed Within the data 
paths, and thus does not limit hoW fast the clock may 
become. In addition, the space used remains at a fundamen 
tal minimum. 
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MEMORY DEVICE WITH PREFETCHED 
DATA ORDERING DISTRIBUTED IN 
PREFETCHED DATA PATH LOGIC, 

CIRCUIT, AND METHOD OF ORDERING 
PREFETCHED DATA 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention is related to the ?eld of semicon 

ductor memory devices, and more speci?cally to a memory 
device With prefetched data ordering that is distributed in 
prefetched data path logic, and a method of ordering 
prefetched data. 

2. Description of the Related Art 
Memory devices are used in electronic devices for storing 

data. As there is continuing competitive pressure to make 
electronic devices faster, the memory device is often found 
to be a limitation in the speed of the overall device. Indeed, 
sometimes the memory device requires its oWn, internal 
clock for its operation, Which is sloWer than the external 
clock of the overall device. And as there is continuing 
competitive pressure for devices of larger capacity, there is 
pressure to make memories larger, Which further restricts 
hoW fast they can become. 

An example of a memory device 100 in the prior art is 
shoWn in FIG. 1. While salient parts are explained in this 
description, more details can be found in a number of 
references, such as U.S. Pat. No. 6,115,321. 
Memory device 100 includes a memory cell array (MCA) 

102. Array 102 has cells, such as cell 104. One data bit is 
stored at each cell 104. The cells are arranged at intersec 
tions of roWs, such as Wordline 106, and columns 108. 
Columns 108 are also called local input/output (I/O) lines 
108. 
Anumber of local I/O lines 108 terminate in a single local 

sense ampli?er LS/A 110A. A number of such local sense 
ampli?ers are provided, similar to LS/A 110A. Out of each 
local sense ampli?er there emerges a Global I/O (GIO) line. 
Eight such GIO lines 114A—114H are shoWn as a group. 

Reading data from memory device 100 entails outputting 
the bit stored in cell 104 to one of GIO lines 114, and from 
there to a DO pad 120. All DQ pads 120 feed their data to 
a cache memory 122, or other kinds of electronic devices 
requiring data storage. 

In memory devices such as device 100, the problem of 
speed has been addressed in the prior art by prefetching data 
that is to be read. That means reading many data simulta 
neously out of the memory device 100 for a single DQ pad, 
in response to a single address input. This is a core DRAM 
operation. 

With prefetching, as the data is output from GIO lines 
114, it needs to be ordered, before it is output to DO pads. 
If not, then the electronic device reading data from the 
memory device may have to Wait too long before it receives 
the necessary data. 

Ordering of the data is accomplished in device 100 by 
having all GIO lines 114A—114H from array 110 come 
together in a data sequencing block 118, before reaching DQ 
pad 120. Block 118 receives eight inputs, one from each data 
path, and outputs the same eight inputs in the desired order, 
subject to ordering signals. 

The ordered data is then serialiZed, by a serialiZing block 
119. Block 119 receives all the inputs, and outputs them one 
by one to DO pad 120. 
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2 
Referring noW to FIG. 2, a portion 118-1 of data sequenc 

ing block 118 is shoWn. It Will be appreciated that only 4 
inputs and 4 outputs are shoWn in portion 118-1. Since it has 
eight inputs, actual block 118 is commensurately larger. 

Block 118 occupies space that is desirable to allocate 
elseWhere in the memory device. In addition, as external 
data rates increase, the number of prefetched data Words is 
increased, and thus block 118 must become commensurately 
larger. For example, to handle tWice the number of inputs 
Would require four times the complexity and siZe. That 
Would make it occupy even more space on the device 100. 

Referring noW to FIG. 3, the prefetched data is received 
by local sense ampli?ers 110A LS/A 110H. The data is then 
advanced on the G10 lines 114A—114H, and then optionally 
passed through respective Input/Output Sense Ampli?ers 
(I/OSA) 124A—124H, upon exiting MCA 102. The data is 
then advanced along respective individual operation blocks 
(also knoWn as pipelines) 144A—144H, prior to reaching the 
data sequencing block 118. Accordingly, the data may be 
operated on as it is being advanced along pipelines 
144A—144H. 

In the large majority of cases, pipelines 144A—144H are 
identical to each other, as identical operations are performed 
for all read out data. Furthermore, sometimes it is advanta 
geous that pipelines 144A—144H be decomposed into 
sequential stages. Each such stage is appropriately called a 
pipe, and performs only one of the operations. 

Referring noW to FIG. 4, a detail of pipeline 144A is 
shoWn. A more detailed explanation can be found in US. 
Pat. No. 5,802,596. 

Pipeline 144A includes a ?rst stage pipe 221, a second 
stage pipe 222 and a third stage pipe 223. The input signal 
enters the ?rst stage pipe 221 and exits the third stage pipe 
223. A?rst gate 231 is interposed betWeen the ?rst stage pipe 
221 and the second stage pipe 222. A second gate 232 is 
interposed betWeen the second stage pipe 222 and the third 
stage pipe 223. First gate 231 and second gate 232 are 
controlled by the clock signal through respective delay 
circuits 241, 242. As such, data is processed along pipeline 
144 at the speed of the clock. 

Referring noW to FIG. 5, a circuit is shoWn for ?rst gate 
231. It Will be observed that it receives a signal from 
previous stage 221, and outputs it to next stage 222. It 
operates from a latch signal Lt, of a clock. 

BRIEF SUMMARY OF THE INVENTION 

The present invention overcomes these problems and 
limitations of the prior art. 

Generally, the present invention provides a memory 
device that is adapted for prefetching data, and a circuit and 
a method for reordering data Within paths. The memory 
device of the invention has a memory cell array, With local 
sense ampli?ers for receiving data bits prefetched from the 
memory cell array. The memory device of the invention also 
includes a serialiZer, and data paths that connect the local 
sense ampli?ers to the serialiZer. 
The invention additionally provides crossover connec 

tions interposed betWeen stages of the data paths. These may 
transfer data bits from one of the data paths to another, 
before exiting the date path. Preferably they do that as part 
of being connecting sWitches betWeen the stages. The stages 
are in turn controlled by an internal clock signal. 
The invention offers the advantage that ordering is dis 

tributed Within the data paths, and thus does not limit hoW 
fast the data rate may become. In addition, the space used 
remains at a fundamental minimum. 
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The invention Will become more readily apparent from 
the following Detailed Description, Which proceeds With 
reference to the drawings, in Which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of salient components of a memory 
device in the prior art. 

FIG. 2 is a diagram of a portion of a data sequencer block 
of the memory of FIG. 1. 

FIG. 3 is a block diagram of a prior art prefetched data 
paths implemented along a global input/output line of the 
memory device of FIG. 1. 

FIG. 4 is a block diagram of one of the multi-stage 
prefetched data paths of FIG. 3. 

FIG. 5 is an electrical circuit diagram of a gate of one of 
the data paths of FIG. 4. 

FIG. 6 is a diagram of a memory device made according 
to an embodiment of the present invention. 

FIG. 7 is a diagram of a memory device made according 
to another embodiment of the present invention. 

FIG. 8 is a diagram of a memory device made according 
to yet another embodiment of the present invention. 

FIG. 9 is a block diagram of a combination of a stage With 
a crossover connection of a set of crossover connections of 

FIG. 6. 

FIG. 10 illustrates an implementation of a crossover 
connection 910 of the diagram of FIG. 9 according to an 
embodiment of the invention. 

FIG. 11 illustrates an implementation of a crossover 
connection 910 of the diagram of FIG. 9 according to 
another embodiment of the invention. 

FIG. 12 is a table shoWing exemplary types of burst 
ordering. 

FIG. 13 is a timing diagram for an 8-bit burst interleave 
mode operation for a device according to an embodiment of 
the invention. 

FIG. 14 is a ?oWchart illustrating a method according to 
an embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT(S) 

As has been mentioned, the present invention provides a 
memory device that is adapted for prefetching data. Embodi 
ments of the invention are noW described. 

Referring to FIG. 6, a memory device 600 according to an 
embodiment of the invention includes a memory cell array 
602 that has memory cells arranged at intersections of roWs 
(often called Word lines) and columns (also called bit lines). 

Device 600 is draWn for an 8-bit case. This is by Way of 
eXample, and not of limitation. The invention may be 
practiced With higher numbers of bits. 

Device 600 also includes local sense ampli?ers 611, 
612, . . . , 618 for receiving data bits prefetched from the 

memory cell array. Prefetching and other memory opera 
tions are performed according to an internal clock signal 
ICK. 

Device 600 additionally includes a serialiZer 619. Serial 
iZer 619 is used for serialiZing the data bits on local sense 
ampli?ers 611, 612, . . . , 618. 

Device 600 moreover includes data paths 631, 632, . . . , 

638. As an eXample, data path 631 is additionally shoWn 
Within dashed rectangle 639. Data paths 631, 632, . . . , 638 
are for guiding data bits from the respective local sense 
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ampli?ers 611, 612, . . . , 618 to the serialiZer 619. Data paths 
631, 632, . . . , 638 may include global I/O lines of device 
600. Each of the paths 631, 632, . . . , 638 includes stages 
641A—641D, 642A—642D, . . . , 648A—648D. These stages, 

also called pipes, are for operating on the guided bits prior 
to them reaching serialiZer 619. One of the pipes may 
include an input/output sense ampli?er. These pipes may 
include one of the gates shoWn in FIG. 4 even though four 
stages are shoWn, more or feWer are possible according to 
the invention, even just one. 

Device 600 importantly also includes three sets of cross 
over connections 661, 663, 665. These are interposed 
betWeen the stages 641A—641D, 642A—642D, . . . , 

648A—648D of data paths 631, 632, . . . , 638 respectively. 

Sets 661, 663, 665 include crossover connections Within 
the data paths 631, 632, . . . , 638, betWeen their respective 
stages. A crossover connection is for transferring a ?rst bit 
from one of the stages of one of the data paths to a neXt stage 
of either the same data path or another data path. Transfer 
ring is performed responsive to ordering signals. The cross 
over connections are preferably such that all possible com 
binations of transferring may be implemented. This is 
accomplished by having the three sets 661, 663, 665 be 
different from each other. Indeed, set 661 is for transferring 
betWeen adjacent data paths, While set 665 is for transferring 
to a data path four data paths aWay, thus skipping over three 
data paths. 

Sets 661, 663, 665, respectively, receive ordering signals 
SELO, SEL1, SEL2, based on Which the transferring may or 
may not happen. Ordering signals SELO, SEL1, SEL2 are 
also knoWn as selections signals SELO, SEL1, SEL2. The 
ordering signal may be made by combining an address, a 
sequential, and an interleave signal. Both the ordering signal 
and its complement may be used. Depending on the speci?c 
embodiment, each one of ordering signals SELO, SEL1, 
SEL2 may include subsignals for individual ones of the 
crossover connections. A particular one of the crossover 
connections is described in more detail With reference to 
FIG. 9 beloW. 

Continuing to refer to FIG. 6, one of the crossover 
connections of set 661 might transfer a ?rst data bit from 
?rst stage 641A of data path 631 either to second stage 642B 
of data path 632, or to second stage of the same data path 
631. In addition, a second data bit might be transferred from 
?rst stage 642A of data path 632 either to second stage 641B 
of data path 631, or to second stage of the same data path 
632, responsive to SELO. And then, one of the crossover 
connections of set 663 might transfer the data bit in the 
second stage of data path 631 either to third stage 643C of 
data path 633, or to third stage of the same data path 631. In 
addition, the data bit in the second stage of data path 632 
might be transferred either to third stage 644C of data path 
634, or to third stage 642C of the same data path 632, 
responsive to SEL1. And then, one of the crossover con 
nections of set 663 might transfer the data bit in the third 
stage 641C of data path 631 either to a fourth stage 645D of 
data path 635, or to a fourth stage of the same data path 631. 
In addition, the data bit in the third stage 641C of data path 
631 might be transferred either to fourth stage 645D of the 
data path 635, or to fourth stage of the same data path 631, 
responsive to SEL2. This Way, if all three transfer occur, the 
subject data bit Would be ?rst output on local sense ampli?er 
611, and then Would be operated on by stages 641A, 642B, 
644C, 648D through a set of crossover connections 661, 
663,665 successively, prior to being input in serialiZer 619. 

In the preferred embodiment, sets 661, 663, 665 also 
operate as the gates betWeen stages 641A—641D, 
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642A—642D, . . . , 648A—648D of data paths 631, 632, . . . 

638, respectively. 
In device 600, therefore, ordering of the data is distributed 

along the data paths. This takes advantage of the fact that the 
signal path has enough timing margin. This means that 
ordering the data does not penaliZe the device by imposing 
a limitation on hoW fast the system clock XCK can become. 
In addition, since ordering is distributed, the space required 
on device 600 remains at a fundamental minimum. 
Moreover, the invention may be scaled to a device With 
either feWer or more prefetched data bits, by including feWer 
or more connections, While preserving these advantages. 

Referring noW to FIG. 7, a device 700 according to 
another embodiment of the invention is described. It 
includes parts similar to those of device 600, Whose descrip 
tion Will therefore not be repeated. 

Device 700 includes a memory cell array 702, Which 
includes memory cells for storing data. The memory cells 
output prefetched data on local sense ampli?ers 711, 
712, . . . , 718. These in turn advance the data on respective 

data paths 731, 732, . . . 738. 

Device 700 also includes the same three sets 661, 663, 
665 of crossover connections as device 600 of FIG. 6. 
Importantly, these are arranged in a different order than 
those of device 600. More speci?cally set 661 is inter 
changed With set 665. This Will necessitate a different 
scheme for the ordering signals SELO, SEL1, SEL2, as Will 
be readily understood by a person skilled in the art. 

Referring noW to FIG. 8, a device 800 is described, Which 
is made according to yet another embodiment of the inven 
tion. It includes parts similar to those of device 600, Whose 
description Will therefore not be repeated. 

Device 800 includes a memory cell array 802, Which 
includes memory cells for storing data. The memory cells 
output prefetched data on local sense ampli?ers 811, 
812, . . . , 818. These in turn advance the data on respective 

data paths 831, 832, . . . , 838. 

Device 800 also includes the same three sets 661, 663, 
665 of crossover connections as device 600 of FIG. 6. 
Importantly, set 661 is provided Within memory cell array 
802. This means that the connections of set 661 are betWeen 
local sense ampli?ers 811, 812, . . . , 818 and the ?rst stages 

of the respective data paths 631, 632, . . . , 638. 

Referring noW to FIG. 9, a crossover connection 910 is 
described. It Will be appreciated that, While crossover con 
nection 910 is the one that of those in set 661 of device 600 
that is betWeen neighboring data paths 631, 632, the present 
description can be generaliZed to all the crossover connec 
tions of the invention. 

Crossover connection 910 has a continuing path 963 
coupled to a neXt stage 641B of the same data path 631. 
Connection 910 can therefore guide a ?rst bit 961A through 
continuing path 963 to neXt stage 641B. 

Connection 910 also has a transfer path 964 coupled to a 
neXt stage 642B of another data path 632. Crossover con 
nection 910 is for optionally transferring ?rst bit 961A from 
data path 631 to data path 632 as transferred bit 962B. 

First bit 961A is transferred to a ?rst connection point 
971A of data path 632. It Will be appreciated that ?rst 
connection point 971A is before stage 642B of data path 
632, and thus prior to the transferred bit 962B reaching the 
serialiZer (not shoWn in FIG. 9). 

Transferring may be implemented according to ordering 
signal SELO. Alternately, if ordering signal SELO is of a 
different state, ?rst bit 961A may stay in data path 631, 
emerging past crossover connection 910 as bit 961B. 
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It is highly preferred that crossover connection 910 is 

further adapted to reciprocally transfer a second bit from the 
second path to the ?rst path. Such may happen responsive to 
the same ordering signal SELO. In addition, crossover con 
nection 910 may operate responsive to the internal clock 
signal ICK. 

Referring noW to FIG. 10, a crossover circuit 1010 is 
illustrated for implementing of crossover connection 910 of 
FIG. 9 according to an embodiment of the invention. Cross 
over circuit 1010 is preferably implemented by a multi 
pleXer. 

The particular embodiment of crossover circuit 1010 
includes a ?rst main sWitch 1020 in ?rst data path 631, and 
a second main sWitch 1030 in second data path 632. A ?rst 
crossing conductor 1040 joins the ?rst path 631 With the 
second path 632, having a ?rst crossover sWitch 1042 
betWeen the paths. A second crossing conductor 1050 joins 
the second path 632 to the ?rst path 631, having a second 
crossover sWitch 1052 betWeen the paths. 

In the embodiment of FIG. 10, the ?rst crossover sWitch 
1042 and the second crossover sWitch 1052 are controlled by 
selection signal SELO. In addition, the ?rst main sWitch 
1020 and the second main sWitch 1030 are controlled by an 
inverse /SELO of the selection signal SELO, Which is also 
knoWn as the complement of SELO. 

Referring noW to FIG. 11, a crossover circuit 1110 is 
illustrated for implementing one stage along With a cross 
over connection 910 of FIG. 9, according to an embodiment 
of the invention. The particular embodiment of crossover 
circuit 1110 includes a ?rst main sWitch 1120 in ?rst data 
path 631, and a second main sWitch 1130 in second data path 
632 controlled by ordering signal SELO and internal clock 
ICK. First and second main sWitches 1120, 1130 may be 
implemented as connecting gates, although the invention is 
not limited in this regard. 
A ?rst crossing conductor 1140 joins the ?rst path 631 

With the second path 632, having a ?rst crossover sWitch 
1142 betWeen the paths. A second crossing conductor 1150 
joins the second path 632 to the ?rst path 631, having a 
second crossover sWitch 1152 betWeen the paths. First and 
second crossover sWitches 1142, 1152 may also be imple 
mented as connecting gates, although the invention is not 
limited in this regard. 

In the embodiment of FIG. 11, a ?rst latch gate 1161 is 
interposed in the ?rst path 631, and controlled by internal 
clock signal ICK. Similarly, a second latch gate 1162 is 
interposed in the second path 632, and controlled by internal 
clock signal ICK. 

FIG. 12 is a table shoWing exemplary types of burst 
ordering, for an 8-bit burst. On the left hand columns are the 
control bits A2, A1, A0 of burst ordering control signal 
A[2:0]. On the right hand columns are shoWn the numbers 
of the bits for sequential type ordering, and interleave type 
ordering. 

In this invention, ordering signals SELO, SEL1, and SEL2 
are generated by combining address, sequential, and inter 
leave signals. All permutations for reordering data are pos 
sible by selecting proper ordering signals SELO, SEL1, and 
SEL2. 

FIG. 13 is a timing diagram for an 8-bit burst interleave 
mode operation for a device according to an embodiment of 
the invention. More particularly, it is for an 8-bit prefetch 
case, during Double Data Read (DDR) operation, Where 
burst ordering addresses A[2:0] are 101 and interleave type. 

Referring noW to FIG. 14, a ?oWchart 1400 is used to 
illustrate a method according to an embodiment of the 
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invention. The method of ?owchart 1400 may be used in 
conjunction With any of the devices of the invention. It Will 
be recognized that any reordering scheme is possible. 

According to a box 1410, data bits are prefetched out of 
memory cells into local sense ampli?ers. 

According to a next box 1420, the data bits are advanced 
from the local sense ampli?ers into respective individual 
data paths that terminate in a serialiZer. 

According to next box 1425, a ?rst ordering signal is 
received. It is determined Whether it is desired to change 
paths, depending on the ?rst ordering signal. The process is 
also called data exchanging. 

If not, execution proceeds to box 1445. 
If yes, then according to a next box 1430, a ?rst data bit 

is transferred from a ?rst one of the paths to a second one of 
the paths. Optionally, a second data bit is concurrently 
transferred from the second path to the ?rst path. Then 
according to a next box 1440, the ?rst data bit is operated on 
by a stage of the second path. Preferably, the second data bit 
is concurrently operated on by an stage of the ?rst path. Then 
execution proceeds to box 1445. 

According to a next box 1445, a second ordering signal is 
received. It is determined Whether it is desired to change 
paths, depending on the second ordering signal. 

If not, execution proceeds to box 1465. 
If yes, then according to a next box 1450, the ?rst data bit 

is transferred from the second path to a third one of the 
paths. Optionally, a third data bit is concurrently transferred 
from the third path to the second path. According to a next 
box 1460, the ?rst data bit is operated on by a stage of the 
third path. Preferably, the third data bit is concurrently 
operated on by a stage of the second path. Then execution 
proceeds to box 1445. 

According to a next box 1465, a third ordering signal is 
received. It is determined Whether it is desired to change 
paths, depending on the third ordering signal. 

If not, execution proceeds to box 1490. 
If yes, then according to a next box 1470, the ?rst data bit 

is transferred from the third path to a fourth one of the paths. 
Optionally, a fourth data bit is concurrently transferred from 
the fourth path to the third path. According to a next box 
1480, the ?rst data bit is operated on by a stage of the fourth 
path. Preferably, the fourth data bit is concurrently operated 
on by an stage of the third path. Then execution proceeds to 
box 1490. 

According to a next box 1490, the operated on data bits 
are received in the serialiZer. There they may be serialiZed. 
A person skilled in the art Will be able to practice the 

present invention in vieW of the description present in this 
document, Which is to be taken as a Whole. Numerous details 
have been set forth in order to provide a more thorough 
understanding of the invention. In other instances, Well 
knoWn features have not been described in detail in order not 
to obscure unnecessarily the invention. 

While the invention has been disclosed in its preferred 
form, the speci?c embodiments as disclosed and illustrated 
herein are not to be considered in a limiting sense. Indeed, 
it should be readily apparent to those skilled in the art in 
vieW of the present description that the invention may be 
modi?ed in numerous Ways. The inventor regards the sub 
ject matter of the invention to include all combinations and 
subcombinations of the various elements, features, functions 
and/or properties disclosed herein. 

The folloWing claims de?ne certain combinations and 
subcombinations, Which are regarded as novel and non 
obvious. Additional claims for other combinations and sub 
combinations of features, functions, elements and/or prop 
erties may be presented in this or a related document. 
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The invention claimed is: 
1. A memory device comprising: 
a memory cell array for storing data; 
a plurality of local sense ampli?ers for receiving data bits 

prefetched from the memory cell array; 
a serialiZer; and 
a plurality of data paths for guiding the received data bits 

from respective ones of the local sense ampli?ers to the 
serialiZer, each of the data paths having a plurality of 
stages arranged in sequential order prior to the 
serialiZer, 

Wherein a certain stage has a continuing path coupled to 
a next stage of the same data path, and a transfer path 
coupled to a next stage of another data path, 

each of the plural sequentially ordered stages receiving a 
clock signal common thereto for sequentially selecting 
at the plural successive stages betWeen the continuing 
and the transfer data paths. 

2. The device of claim 1, further comprising: 
guiding means for guiding a received data bit along one 

of the continuing path and the transfer path responsive 
to a selection signal. 

3. The device of claim 2, Wherein 
the guiding means is implemented by a 2:1 multiplexer. 
4. The device of claim 3, Wherein the ?rst crossover 

connection includes: 
a ?rst main sWitch coupled to the ?rst stage and the 

second stage in the ?rst data path, 
a ?rst crossover sWitch coupled to the ?rst stage in the ?rst 

data path and the second stage in the second data path, 
a second main sWitch coupled to the ?rst stage and the 

second stage in the second data path, 
a second crossover sWitch coupled to the ?rst stage in the 

second data path and the second stage in the ?rst data 
path. 

5. The device of claim 4, Wherein 
the ?rst and second main sWitches are controlled by the 

?rst ordering signal, and 
the ?rst and second crossover sWitches are controlled by 

a complement of the ?rst ordering signal. 
6. A memory device comprising: 
a memory cell array for storing data; 
a plurality of local sense ampli?ers in the memory cell 

array for receiving data bits prefetched from the 
memory cell array; 

a serialiZer; 
a plurality of data paths receiving prefetched data bits 

from one of the local sense ampli?ers respectively, and 
outputting the prefetched data bits to the serialiZer, each 
data path having a plurality of stages; and 

sequentially arranged plural crossover connections 
betWeen the local sense ampli?ers and the serialiZer, 
the plural crossover connections receiving a common 
clock signal that determines the sequential timing of the 
plural crossover connections, Wherein 

a ?rst one of the crossover connections betWeen a ?rst 
stage in a ?rst one of the data paths and a second stage 
in a second one of the data paths is adapted to transfer, 
responsive to a ?rst ordering signal and the common 
clock signal, a ?rst bit from the ?rst stage in the ?rst 
data path to one of a second stage in the ?rst data path 
and to the second stage in the second data path, and a 
second bit from a ?rst stage in the second data path to 
one of the second stage in the second data path and to 
the second stage in the ?rst data path, and 

a second one of the crossover connections betWeen the 
second stage of the ?rst data path and a third stage in 
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a third one of the data paths is adapted to transfer, 
responsive to a second ordering signal and the common 
clock signal, a data bit from the second stage in the ?rst 
data path to one of a third stage in the ?rst data path and 
to a third stage in the third data path. 

7. The device of claim 6, Wherein 
at least one of the stages includes an input/output sense 

ampli?er. 
8. The device of claim 6, Wherein 
a third one of the crossover connections betWeen the third 

stage of the ?rst data path and a fourth stage in a fourth 
one of the data paths is adapted to transfer, responsive 
to a third ordering signal and the common clock signal, 
a data bit from the third stage in the ?rst data path to 
one of a fourth stage in the ?rst data path and to the 
fourth stage in the fourth data path. 

9. The device of claim 8, Wherein 
the third crossover connection betWeen the third stage of 

the second data path and a fourth stage in a sixth one 
of the data paths is adapted to transfer, responsive to the 
third ordering signal and the common clock signal, a 
data bit from the third stage of the second data path to 
one of a fourth stage in the second data path and to the 
fourth stage in the sixth data path. 

10. The device of claim 8, Wherein the third crossover 
connection includes: 

a ?rst main sWitch coupled to the third stage and the 
fourth stage in the ?rst data path, 

a ?rst crossover sWitch coupled to the third stage in the 
?rst data path and the fourth stage in the fourth data 
path, 

a second main sWitch coupled to the third stage and the 
fourth stage in the second data path, 

a second crossover sWitch coupled to the third stage in the 
second data path and the fourth stage in the sixth data 
path. 

11. The device of claim 10, Wherein 
the ?rst and second main sWitches are controlled by the 

third ordering signal, and 
the ?rst and second crossover sWitches are controlled by 

a complement of the third ordering signal. 
12. The device of claim 8, Wherein: 
the third ordering signal is generated from a combination 

of a third address, an interleave, and a sequential signal. 
13. The device of claim 6, Wherein 
the second crossover connection betWeen the second stage 

of the second data path and a third stage in a ?fth one 
of the data paths is adapted to transfer, responsive to the 
second ordering signal and the common clock signal, a 
data bit from the second stage of the second data path 
to one of a third stage in the second data path and to a 
third stage in the ?fth data path. 

14. The device of claim 6, Wherein the second crossover 
connection includes: 

a ?rst main sWitch coupled to the second stage and the 
third stage in the ?rst data path, 

a ?rst crossover sWitch coupled to the second stage in the 
?rst data path and the third stage in the third data path, 

a second main sWitch coupled to the second stage and the 
third stage in the second data path, 

a second crossover sWitch coupled to the second stage in 
the second data path and the third stage in the ?fth data 
path. 

15. The device of claim 14, Wherein 
the ?rst and second main sWitches are controlled by the 

second ordering signal, and 
the ?rst and second crossover sWitches are controlled by 

a complement of the second ordering signal. 
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16. The device of claim 6, Wherein 
the ?rst ordering signal is generated from the combination 

of a ?rst address, an interleave, and a sequential signal. 
17. The device of claim 6, Wherein 
the second ordering signal is generated from a combina 

tion of a second address, an interleave, and a sequential 
signal. 

18. The device of claim 6, Wherein 
the ?rst crossover connection is located Within the 
memory cell array. 

19. The device of claim 6, Wherein 
the crossover connections are implemented by 2:1 mul 

tiplexers. 
20. A data ordering method comprising: 
prefetching a plurality of data bits from a memory array 

cell onto a plurality of local sense ampli?ers; 
receiving the data bits in a plurality of respective paths; 
receiving a ?rst ordering signal and a clock signal at a ?rst 

crossover connection; 
determining a ?rst data exchanging in a ?rst stage respon 

sive to the ?rst ordering signal, the ?rst data exchang 
ing being Whether to transfer a ?rst data bit from a ?rst 
one of the paths to a second stage of a second one of the 
paths or to a second stage of the ?rst data path, and a 
second data bit from the second path to the second stage 
of the ?rst path or to the second stage of the second data 
path, said ?rst data exchanging being synchronous With 
the clock signal; 

receiving a second ordering signal and a clock signal at a 
second crossover connection; 

determining a second data exchanging in the second stage 
responsive to the second ordering signal, the second 
data exchanging being Whether to transfer the data bit 
transferred to the second stage in the ?rst data path to 
a third stage of the ?rst data path or to a third stage of 
a third one of the paths, and the data bit transferred to 
the second stage in the second data path to a third stage 
of the second path or to a third stage of a fourth one of 
the data path, said second data exchanging being syn 
chronous With the clock signal but later in time than the 
?rst data exchanging; and 

then receiving the data bits in a serialiZer. 
21. The method of claim 20, further comprising: 
receiving a third ordering signal and a clock signal at a 

third crossover connection; and 
determining a third data exchanging in the third stage 

responsive to the third ordering signal, the third data 
exchanging being Whether to transfer the data bit 
transferred to the third stage in the ?rst data path to a 
fourth stage of the ?rst data path or to a ?fth one of the 
paths, and the data bit transferred to the third stage in 
the second data path to a fourth stage of the second data 
path or to a fourth stage of the sixth one of data paths, 
prior to receiving the data bits in the serialiZer. 

22. The method of claim 20, Wherein 
the second data path is adjacent the ?rst data path. 
23. The method of claim 20, Wherein 
there are three data paths betWeen the second data path 

and the ?rst data path. 
24. A method as in claim 20, 21, 22 or 23, Wherein 
the ?rst stage operation is performed in an input/output 

sense ampli?er. 
25. A method as in claim 20, 21, 23 or 23, Wherein 
the ?rst, second, and third ordering signal are made by 

combining an address, a sequential, and an interleave 
signal. 
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